An approach based on off-line, one-way nesting between a meteorological model, WRF, and a commercial CFD model, FLUENT, is applied to perform finescale wind simulations over realistic complex terrain. The refined WRF/FLUENT system was applied to assess the wind resource in the northern Poyang Lake region and forecast the wind power of the Yangmeishan wind farm in Yunnan. The results showed that the approach is viable for the assessment and forecasting of wind energy.
INTRODUCTION
Following the development of wind energy, higher accuracy is needed for wind resource assessment and wind energy forecasting. Usually, the numerical simulation is adopted to analyze wind energy distribution. For instance, the linear wind field diagnostic model WasP, which was developed by Risø National Laboratory for Sustainable Energy, Technical University of Denmark, was suitable for flat terrain [1] . Windsim based on Computational Fluid Dynamic (CFD) method was more suitable for rugged terrain than WasP [2] . Other famous wind resource assessment models include WindPro [3] [4] , WindFarmer [5] , Meteodyn WT [6] , and so on. And Based on Canadian wind energy simulation toolkit (WEST), China Meteorological Administration developed wind resources numerical model and fulfilled horizontal resolution 5 km×5 km wind atlas of China [7] . ________________________ After the construction of wind farm, the wind turbine generators turn kinetic energy into electrical energy. Because turbulence is the main flow in the atmospheric boundary layer and terrain is complex, the wind power is unstable. It is difficult for power grid dispatching. So the wind farm power forecasting is needed. There are two kinds of forecasting methods, one is mathematic model, such as time series analysis, support vector machine, artificial neural network, which is based on historical data and no considers the physical process and evolvement of meteorological elements. Another is physical model, which is based on the laws of atmospheric motion, such as the conservations of mass, momentum and energy. Former is used for ultra-short term forecasting, and latter is for short and medium term forecasting. The project ANEMOS [8] brought together a variety of numerical weather prediction (NWP) models to forecast wind power of hill, sea or extreme weather. In 2011, Risø National Laboratory installed 11 sets of wind speed anemometers on Bolund island to get high accurate wind speed and invited various groups to simulate the flow field with 57 CFD models to compare [9] [10] . The result calculated by CFD using Reynolds Averaged Navier-Stokes (RANS) equation with turbulence model was best.
The differences between NWP method and CFD method are obvious. First, the atmospheric motion scales they deal with are different. For example, Weather Research Forecasting (WRF) model, a kind of mesoscale NWP model, usually is used to assess wind resource and forecast wind power. But because it adopts terrain following coordinate which describes complex terrains by coordinate transformation and smoothes them, when dealing with steep terrain, the error is large. Compared with mesoscale models, CFD can give wind simulation results with a much higher spatial resolution. Furthermore, the numerical schemes of most CFD tools are based on the finite volume method (FVM), and FVM enhances the capability of CFD on describing realistic terrain for it can be used in grid system fit to the boundary with complex geometry, such as a valley with steep mountains on both sides. From the point of view of detailed investigation on wind energy in a small area, CFD is a better tool when compared with a mesoscale model for it can cope with steep terrain and can provide simulation results with higher resolution. There have already been some studies on wind simulation over realistic terrain with CFD tools [11] [12] [13] [14] . However, when applied on the fine-scale wind simulation over realistic terrain, CFD tool, especially commercial CFD code, such as FLUENT, is vulnerable to criticism for its shortcoming on dealing with the boundary conditions. Mesoscale models can obtain large-scale circulation information from global-scale data, such as NCEP reanalysis data and ECMWF reanalysis data, and pass it to an area of concern through nested-grid techniques. Thus, mesoscale models can ensure that the inlet flow contains the information of the realistic terrain on the upwind direction. Compared with mesoscale models, CFD models usually use simple wind profiles, such as a vertical logarithm wind profile, as the lateral boundary conditions, which can not correctly describe the effects of realistic terrain on upwind direction. In this paper, an approach based on off-line, one-way nesting between a meteorological model, WRF, and a commercial CFD model, FLUENT, was applied to perform fine-scale wind simulations over realistic complex terrain. In the system, WRF and FLUENT was combined in an off-line way, and the boundary and the initial conditions necessary for driving FLUENT simulation runs were taken from the simulated results of WRF at regular time intervals, which ensured that the boundary conditions for FLUENT simulation were more realistic. When applied in the finescale simulation of wind field over complex terrain, the most notable advantage of WRF/FLUENT system is that WRF can provide realistic boundary conditions containing terrain information on upwind direction and FLUENT can provide simulation results with a much more higher spatial resolution and can accurately describe complex terrain, even steep terrain, in the simulation.
WRF/FLUENT SYSTEM AND TERRAIN
In the system, WRF and FLUENT was combined in an off-line way, and the boundary and initial conditions necessary for driving FLUENT simulation runs were taken from the simulated results of WRF at regular time intervals.
First we used WRF model with three grid nesting, 54km, 18km and 6km, to get large-scale circulation information from NCEP reanalysis data, and passed it to the region for FLUENT. The boundary and the initial conditions necessary for driving FLUENT simulation runs were taken from the simulated results of the WRF every hour. The fine grids have the horizontal resolution of 50m and vertical resolution of 10m. The FLUENT simulation was performed in RANS (Reynolds averaged NavierStokes) framework, the airflow was considered as incompressible and viscous. The Coriolis force was neglected for the characteristic scale of the simulation domain was on the order of kilometers. The governing equations of FLUENT simulation were listed as follows:
where, i u was mean velocity, i u was turbulent variations,  was air density. The turbulence closure model adopted in FLUENT simulation was realizable k-ε model, which was the best one among all k-ε models integrated in FLUENT in the light of study [15] [16] . Figure 2 . Terrain around Poyang Lake.
Plain of Poyang Lake lies in north of Jiangxi Province northern. Widespread low hilly land is outside of the plain, the ground is undulating, between 50-100m above sea level. Inside is polder area, elevation is below 20m. From Hukou to Jishan forms a 90 km long narrow tube lake road. In south of the lake, water surface is broad, and complex terrain is around the lake. North side closes to Lushan, and east is the highest peak Huanggang Hill with altitude of 2157 m. In winter, in Siberia and Mongolia cold high pressure control and influence, northerly wind is prevailing. By the control and influence of the western Pacific subtropical high in summer, southerly wind is prevailing. By the interaction of terrain, valley wind, the land-lake breeze, there are complex structure of the atmospheric boundary layer, local climate and wind energy resources distribution. In the region of lake road, due to the stability wind direction, and high-quality wind resources, multiple wind farms are built.
Before using CFD to simulate wind field over complex terrain, it needs to input a Global Digital Elevation Model (GDEM ) to set up computation domain. One of the most complete collections of high resolution GDEM was acquired by ASTER, Advanced Spaceborne Thermal Emission and Reflection Radiometer. ASTER GDEM is organized according to a regular grid of 30×30 m UTM-WGS84 cartographic coordinates, while the orthometric heights were determined by using the corresponding ellipsoidal Earth Gravitational Model (EGM 96) geoid. It is free for Download (https://lpdaac.usgs.gov/). Then convert ASTER GDEM database into CFD grid generation. This is the terrain of Poyang Lake region. The fine grids have the horizontal resolution of 50m and vertical resolution of 10m under 200m height. The area is 64 km×74 km. There have been two phases in the development of Yangmeishan wind farm, and we forecasted the wind power during the second phase. The site is located at (N25°6.95′, E103°52.171′) and has 66 wind turbines in total. The area covered by the farm is about 19 km 2 and the altitude is about 2200 m. The green lines in Figure 4 show the locations of the wind turbines, while the red line is the tower (location: N 25°6.603′, E 103°49.207′). 
RESULTS AND DICUSSION
First we simulated the wind in Poyang Lake region by WRF model with three grid nesting, 54km, 18km and 6km, to get large-scale circulation information from NCEP reanalysis data, and pass it to the region for FLUENT. The boundary and the initial conditions necessary for driving the FLUENT simulation runs were taken from the simulated results of the WRF every hour. Simulation time was from 2010-11-1 to 2011-12-31.
We used the data of the anemometers in the towers to test the accuracy of the calculations. Figure 5 Then we used the coupled model system to calculate the distributions of wind resources around the Poyang Lake region. We calculated the wind distributions around the whole study area, and Figure 6 shows an example of velocity vector distribution at 70 m height in November 5, 2010. In the figure, y represents north and x represents east. Based on the results, we can roughly determine that the wind distribution involves wind from the north being dominant, and there is no vector on Lushan far beyond 70 m height and other higher terrain. Figure 7 shows an example of the velocity at 70 m above ground in January 2011. The velocity on the windward slope is large, and that the largest wind appears at the top of Lushan. To investigate the wind distributions around wind farms, the wind field of each wind farm was enlarged. We can see that the wind resources in these regions are all very rich. Figure 9 , we can see that the wind direction on the side of the windward slope was north by east and, passing the hill, the wind direction changed to east by north. The turbulence intensities, from bottom to top, were 45.5%, 36.8%, 8.43% and 0.98%, showing a decrease with height, and were larger on the windward slope than on the downwind slope. We calculated the relative error ε of wind velocities. And the calculation equation is,
where X i and Y i are simulation and observation velocities respectively, and N is the number of data.
The relative errors for towers at different heights are shown in figure 10 . From the results, we can see that for different month, the simulations are almost same, the errors of January is largest and March or June is smallest, because the transition weather in March or June is relative less than in January. The simulation period of Yangmeishan wind farm was 2012-6-1 to 2012-7-31 and the settings of WRF and Fluent were as before. The WRF model produced forecasts at 1800 UTC (viz. next day at 0200 CST) in 15-min intervals up to 46 hours ahead, and the data from 23 to 46 hours were inputted into FLUENT. The next 24 hours of forecasting results were then given at 1200 CST. Figure 11 shows the forecasting result on 2012-6-31. We also used MOS to reduce the remaining error of the WRF model, and compared the results with those from CFD. Figure 12 showed that the errors were less in WRF/MOS than in WRF/FLUENT when the weather was in transition and accompanied by a large velocity change. Therefore, what is the best approach to forecasting in transitioning weather? The resemble Kalman filter is ideal for situations involving severe weather changes, and focus on the wind speed at the fan hub height (70-100 m) using this approach, which results in an improvement of the intermediate wind speed prediction accuracy at about 5-12 m s -1 . Because the intermediate wind speed forecasting accuracy has the greatest impact on wind power forecasting, this raises another question regarding how to deal with the contradiction between dynamic and statistical forecasts. This is a problem faced by both weather and climate forecasters. Essentially, the answer is to produce a careful classification, and to establish an integrated forecasting system according to the forecast performance of the two kinds of weather forecasting methods during different processes and different regions of the wind farm. During the actual forecast, the choice between statistical or dynamic forecasting can be based on this classification. 
CONCLUSION
An approach based on offline one-way nesting between a meteorological model, WRF, and a commercial CFD model, FLUENT, was applied to perform fine-scale wind simulations over realistic complex terrain. A data interface was designed, and then the boundary and initial conditions necessary for driving FLUENT simulation runs were taken from the simulated results of WRF model at regular time intervals, ensuring that the boundary conditions for FLUENT simulations were more realistic. Using the WRF/FLUENT system, a Wind Resource Assessment (WRA) of the Poyang Lake region and a Wind Power Forecast (WPF) of the Yangmeishan wind farm were produced. For the WRA, the system was able to provide a detailed impression of the distribution of wind resources, and at a better resolution. For the WPF, the system realized automatic operation and was able to provide a forecast for the next 24 hours from midday on the previous day.
